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SYSTEM FOR AND METHOD OF TREATING
ANEURYSMS

BACKGROUND

Aneurysms are abnormal bulging or weakening of a blood
vessel, often an artery, and can have many complications. A
bulging of the blood vessel can disrupt or put pressure on
surrounding tissues. In the brain, this can result in a variety
of side eflects, such as impaired vision, impaired speech,
impaired balance, etc. Further, the aneurysm creates a vol-
ume that 1s not along the main flow path of the blood through
the blood vessel. It therefore can serve as a location for
blood to become stagnant and, due to swirling eddy currents,
can contribute to the formation of a thromboembolism. If the
aneurysm ruptures, they can cause severe internal bleeding.

Aneurysms can be treated externally with open surgery.
Such procedures typically involve closing off the entrance or
“neck’ of the aneurysm with a device such as vascular clamp
or a ligature. However, such open surgical procedures can be
highly invasive and may lead to trauma to the adjacent tissue
and other side effects.

Aneurysms can also be treated through endovascular
procedures. In one procedure, detachable lengths of wires
(e.g., coils) are inserted into the interior volume of the
aneurysm using a catheter. The coils are itended to fill the
volume of the aneurysm to decrease the flow of blood nto
the aneurysm, inducing stagnation of flow and stimulate
clotting within the aneurysm. In settings of large cerebral
aneurysms, filling of the aneurysm with multiple coils can
lead to mass eflect that may induce brain swelling and be an
independent cause for new symptoms. In another procedure,
for anecurysms with a relatively large neck, the adjunctive
use of stents assists with the retention of the coils within the
aneurysm. This approach has a contraindication to being
used when treating ruptured aneurysm, due to the need for
additional anti-thrombotic medications. In another proce-
dure, the coils are held in the volume of the aneurysm with
a temporary balloon that 1s inflated 1n the blood vessel. The
balloon 1s detlated and removed once the mass of coils 1s
secured. In still another procedure, a stent device 1s placed
in the artery to promote tlow of blood past the aneurysm.
This leads to stagnation of the blood within the aneurysm
and thrombosis nside the aneurysm volume. However, a
side branch of a main artery in which the stent device 1s
placed may become trapped or “jailed”, which impedes
access to the side branch. In other instances, the side branch
can become clotted ofl, possibly causing a stroke. Addition-
ally, such a procedure generally requires the use additional
anti-thrombotic medications, which limits the use of such
devices in the setting of treatment of ruptured aneurysms.
The stent device 1s generally formed with a relatively tight
weave. While the tight weave increases the effectiveness of
the stent device i diverting the blood flow, 1t also impedes
or prevents access to the volume of the aneurysm or the
jailed artery. In the event that the aneurysm fails to clot, the
obstruction of the aneurysm by the stent device prevents the
possibility of placing embolic devices inside the aneurysm.
Additional procedures such as the placement of additional
stents or open surgery may then be required to treat the
residual.

All procedures that involve packing the volume of the
aneurysm suller from several common shortcomings. First,
it can take many coils of wire to fill the volume of the
aneurysm, which 1s time consuming and increases the time
it takes to complete the procedure. Further, the coils may be
compacted over time to occupy a smaller percentage of the
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2

total volume of the aneurysm. A great enough compaction of
the coils can be considered a recurrence of the aneurysm and
may require further treatment.

It would be advantageous to provide an improved system
and method of treating an aneurysm.

SUMMARY

One embodiment relates to an apparatus for treating an
aneurysm 1n a blood vessel includes an occlusion element
disposed on a wire, the occlusion element including a cover
for covering a neck of an aneurysm and an inner anchoring
member. The cover 1s configured to expand from a com-
pressed configuration 1n a tube to an expanded configuration
when advanced out of a distal end of the tube to cover the
neck of the aneurysm. The cover includes a sphere of mesh
material formed 1nto a hemisphere including two layers of
mesh that 1s formed by folding a top portion of the sphere
into a bottom portion of the sphere. The mmner anchoring
member 1s coupled to and extends from the second surtace
of the cover and 1s configured to contact an interior surface
of the aneurysm. The mmner anchoring member may be a
cylindrical stem extending from a central portion of the
cover.

One embodiment relates to an apparatus for treating an
aneurysm 1n a blood vessel including an occlusion element
disposed on a wire. The occlusion element includes a cover
for covering a neck of an aneurysm, an inner anchoring
member for contacting an interior surface of an aneurysm,
and a central stem connecting the cover and the inner
anchoring member. The occlusion element 1s coupled to the
wire on an outer surface of the cover. The cover and the
inner anchoring member are configured to expand from a
compressed configuration while disposed in a tube to an
expanded configuration when advanced out of a distal end of
the tube to be positioned within the aneurysm. The cover and
the 1nner anchoring member have a substantially similar
diameter and wherein the central stem has a diameter less
than the diameter of the cover and the inner anchoring
member.

The mvention 1s capable of other embodiments and of
being practiced or being carried out 1n various ways. Alter-
native exemplary embodiments relate to other features and
combinations of features as may be generally recited 1n the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present mvention will become apparent from the following
description, appended claims, and the accompanying exem-
plary embodiments shown in the drawings, which are briefly
described below.

FIG. 1 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to an exemplary embodi-
ment.

FIG. 2 1s schematic cross-sectional bottom view of the
aneurysm occlusion device of FIG. 1.

FIGS. 3A-3E are schematic side cross-section views of a
catheter deploying the aneurysm occlusion device of FIG. 1,
according to an exemplary embodiment.

FIG. 4 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.
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FIG. 5 1s a schematic cross-section view of the occlusion
device of FIG. 4 mside of a catheter, according to an
exemplary embodiment.

FIG. 6 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 7 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 8 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 9 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 10 1s a schematic cross-section view of the occlusion
device of FIG. 7 mside of a catheter, according to an
exemplary embodiment.

FIG. 11 1s a schematic cross-section side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 12 1s a schematic cross-sectional bottom view of an
aneurysm occlusion device, according to an exemplary
embodiment.

FIG. 13 1s a schematic cross-sectional bottom view of an
aneurysm occlusion device, according to an exemplary
embodiment.

FIG. 14 15 a schematic cross-sectional bottom view of an
aneurysm occlusion device, according to an exemplary
embodiment.

FIG. 15 1s a schematic cross-sectional side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 16 1s a schematic cross-sectional side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FI1G. 17 1s a schematic bottom view of an outer anchoring
member for an aneurysm occlusion device, according to an
exemplary embodiment.

FIG. 18A 1s a schematic top view of a cover for an
aneurysm occlusion device, according to an exemplary
embodiment.

FIG. 18B is a schematic side view of the cover of FIG.
18A 1n a partially folded configuration.

FIG. 19 1s a schematic side view of an endovascular
device configured to occlude an aneurysm, according to
another exemplary embodiment.

FIG. 20 1s a schematic cross-sectional side view of an
aneurysm with an endovascular device configured to
occlude the aneurysm, according to another exemplary
embodiment.

FIG. 21 1s a schematic side view of an aneurysm with an
endovascular device configured to occlude the aneurysm,
according to another exemplary embodiment.

FI1G. 22 1s a schematic side view of an aneurysm with an
endovascular device configured to occlude the aneurysm,
according to another exemplary embodiment.

FIG. 23A 1s a schematic bottom view of an aneurysm
occlusion device, according to an exemplary embodiment.
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FIG. 23B 1s a schematic bottom view of an aneurysm
occlusion device, according to an exemplary embodiment.

FIG. 24 1s a schematic side view of an aneurysm with an
endovascular device configured to occlude the aneurysm,
according to another exemplary embodiment.

FIG. 25 1s a schematic side view of an aneurysm occlu-
sion device, according to an exemplary embodiment.

FIG. 26A 1s a schematic side view of an aneurysm
occlusion device, according to an exemplary embodiment.

FIG. 26B i1s a schematic top view of the aneurysm
occlusion device of FIG. 26A, according to an exemplary
embodiment.

FIG. 27 1s a schematic side view of an aneurysm with an
endovascular device configured to occlude the aneurysm,
according to another exemplary embodiment.

FIG. 28 1s a schematic side view of an aneurysm occlu-
sion device, according to an exemplary embodiment.

FIG. 29 1s a schematic side view of an aneurysm occlu-
sion device, according to an exemplary embodiment.

FIG. 30 1s a schematic side view of an aneurysm occlu-
sion device, according to an exemplary embodiment.

FIG. 31 1s a schematic side view of an aneurysm occlu-
sion device, according to an exemplary embodiment.

FIG. 32A 1s a schematic side view of an aneurysm
occlusion device, according to an exemplary embodiment.

FIG. 32B 1s a schematic side view of an aneurysm
occlusion device, according to an exemplary embodiment.

FIG. 32C 1s a schematic side view of an aneurysm
occlusion device, according to an exemplary embodiment.

FIG. 33 15 a side view of a mesh sphere, according to an
exemplary embodiment.

DETAILED DESCRIPTION

Referring in general to FIGS. 1-14, an aneurysm occlu-
sion device configured to treat an aneurysm 10 i1s shown
according to several exemplary embodiments. The aneu-
rysm 10 1s an outwardly extending bulge in the wall 13 of
a blood vessel 12 and has an internal volume 14 that 1s 1n
fluid communication with the blood vessel 12 through an
opening at a neck portion 16. The aneurysm 10 may occur
at a portion of the blood vessel 12 at which the wall 13 1s
weakened by disease or trauma. In one embodiment, the
aneurysm 10 may be along an artery, such as a cranmial artery
(e.g., e.g., basilar artery, middle cerebral artery, etc.). The
aneurysm 10, as depicted 1n the figures 1s exemplary only
and 1t should be appreciated that the occlusion devices as
described herein may be utilized 1n the treatment of aneu-
rysms of various sizes and locations. For example, the
aneurysm 10 may be located between two branches of a
blood vessel.

Referring to FIGS. 1-3E, an occlusion device 20 1s shown
according to one exemplary embodiment disposed in the
neck portion 16 of the aneurysm 10 to disrupt or halt the flow
ol blood flow between the vessel 12 and the internal volume
14 of the aneurysm, thereby reducing the likelihood that the
aneurysm 10 will rupture. The occlusion device 20 1is
configured to be low profile device, minimizing disruptions
to surrounding bodies, such as a side branch 18 of the blood
vessel 12. The occlusion device 20 may be configured to be
biodegradable or bioabsorbable material and may be con-
figured to promote endothelialization.

The occlusion device 20 1includes an inner cover 22 (e.g.,
plate, membrane, etc.) configured to be disposed within the
internal volume 14 of the aneurysm 10. The mner cover 22
has an outer diameter that 1s greater than the diameter of the
neck portion 16 when 1t 1s fully expanded. The inner cover
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22 1s a thin, flexible, concave body that can be distorted (e.g.,
collapsed) to be mserted through the neck portion 16 1nto the
internal volume 14 of the aneurysm 10 (e.g., mnserted by a
catheter) and opened to at least partially occlude the neck
portion 16. Concave, as used herein, 1s meant to describe any
body that 1s contoured to have a hollow or cavity along one
side. As shown 1n FIG. 1, 1n one exemplary embodiment, the
inner cover 22 may be generally dome-shaped. In another
embodiment, the inner cover 22 may have another concave
shape (e.g., conical) that 1s disposed in the neck portion 16
and opens into the mternal volume 14. In one embodiment,
cover 22 can be disk shaped.

The 1nner cover 22 1s formed from a flexible (e.g., soft)
biocompatible material that can be collapsed 1into a micro-
catheter for endovascular delivery to the aneurysm 10. The
flexibility of the inner cover 22 allows 1t to conform to the
shape of the iterior surface 135 of the aneurysm 10 and more
cllectively impeded the tflow of blood between the aneurysm
10 and the blood vessel 12. Closely conforming to the shape

of the mterior surface 15 of the aneurysm 10 also facilitates
the adhesion of the mnner cover 22 to the tissue of the
aneurysm 10 and the formation of new tissue to close off the
neck portion 16.

The mner cover 22 may be sized to {it a specific aneurysm
10. As shown in FIGS. 1-2, the imnner cover 22 has a diameter
that 1s greater than the dlameter of the neck portion 16 such
that a peripheral portion 24 of the inner cover 22 contacts the
interior surface 15 of the aneurysm 10. The flexibility of the
inner cover 22 allows the inner cover 22 to be oversized
relative to the size of the neck portion 16 without damaging
(e.g., rupturing) the ancurysm 10. For example, an inner
cover having a diameter of approximately 5 mm may be
utilized to occlude an aneurysm having a neck portion with
a diameter of up to 4 mm; an 1nner cover having a diameter
of approximately 8 mm may be utilized to occlude an
aneurysm having a neck portion with a diameter of 4-6 mm;
and an mner cover having a diameter of approximately 12
mm may be utilized to occlude an aneurysm having a neck
portion with a diameter of 6-10 mm.

In one embodiment, the iner cover 22 may be formed
from a biocompatible metal or metal alloy, such as platinum,
stainless steel, titanium, a titanium-nickel alloy (e.g., niti-
nol). For example, the inner cover 22 may be a concave disk
formed from sheet-cut nitinol. The nitinol alloy may be
configured to undergo a secondary heat setting to form the
desired concave shape. According to an exemplary embodi-
ment, the inner cover 22 may have a thickness of less than
100 microns, to achieve a desired flexibility. In another
embodiment, the mner cover 22 may be formed as a rela-
tively dense mesh such as 37 micron mesh formed by a
plurality of wires or fibers that are coupled together (e.g.,
welded, soldered, woven, etc.).

In another embodiment, the inner cover 22 may be formed
from a biocompatible polymer, such as polytetratluoroeth-
yvlene (PTFE), modified polyurethane, silicone or other
suitable polymer. In still other exemplary embodiments, the
inner cover 22 may be formed from a metal or alloy that 1s
coated with a polymer (e.g., parvlene, PTFE, PFE, etc.) to
increase lubricity and biocompatibility and to reduce throm-
bogenicity. The mmner cover 22 may be formed as a solid
sheet or membrane or may be a relatively dense mesh. In
some embodiments, the mner cover 22 may include laser
drilled nylon sheeting to provide a matrix for endothelial-
ization, while reducing the bulk of the segment. Another
embodiment may involve two photon polymerization, or
3-D printing of a biocompatible material to form the 1nner
cover 22 directly onto the delivery system, or to overlie a
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skeleton frame which 1s attached to the delivery system,
allowing customization of the final shape of the inner cover
22 at the time of treatment.

Referring now to FIGS. 3A-3D, the inner cover 22 1s
shown being deployed by way of a catheter 30 according to
an exemplary embodiment. Referring to FIG. 3A, the cath-
cter 30, including a push wire 32, 1s advanced through the
blood vessel 12 to the location of the aneurysm 10. A distal
end 34 of the catheter 30 1s advanced through the neck
portion 16 and into the internal volume 14 of the aneurysm
10 or to a portion of the blood vessel 12 proximate the neck
portion 16. The push wire 32 1s positioned within a lumen
formed 1n the catheter 30. The catheter 30 may have a single
lumen or the push wire 32 may be positioned within one of
several lumens formed within the catheter 30. The inner
cover 22 1s coupled to a distal end 36 of the push wire 32 and
1s housed, 1n a collapsed configuration, within the lumen. In
the collapsed configuration, the peripheral portion 24 of the
iner cover 22 1s upstream (e.g., closer to the distal end 34)
compared to a central portion 26 to which the push wire 36
1s coupled. Referring to FIG. 3B, the push wire 32 1s moved
within the lumen relative to the catheter 30 until the inner
cover 22 begins to emerge from the end 34 of the catheter
30. The mner cover 22 1s configured to expand (e.g., due to
the internal spring forces of the mnner cover 22) mnto an
expanded configuration within the internal volume 14 as 1t
clears the end 34 of the catheter 30. The push wire 32 may
be moved relative to the catheter 30 by holding the catheter
30 stationary while the push wire 32 1s advanced (e.g.,
pushing), by holding the push wire 32 stationary and retract-
ing the catheter 30 (e.g., unsheathing), or by a combination
of movements of the catheter 30 and the push wire 32. The
iner cover 22 may be partially deployed with the distal end
34 of the catheter 30 positioned within the blood vessel 12
or within the aneurysm 10.

Referring to FIG. 3C, the distal end 34 of the catheter 30
1s advanced into the iternal volume 14 of the aneurysm 10
betore the 1inner cover 22 1s fully deployed from the catheter
30. Referring to FIG. 3D, with the inner cover 22 deployed
from the catheter 30, the catheter 30 and/or the push wire 32
1s retracted until the inner cover 22 1s seated against the
interior surtface 135 of the aneurysm. Referrmg to FIG. 3E,
the distal end 36 of the push wire 32 1s detached from the
inner cover 22 such that the catheter 30 and the push wire 32
may be withdrawn from the blood vessel 12 while the inner
cover 22 remains in the neck portlon 16 or lower portion of
the aneurysm 10. The push wire 32 may be detached from
the inner cover 22 by any suitable electrical or mechanical
cutting device. Alternatively, the mnner cover 22 can be
removed by retracting the wire 32, causing cover 22 to
engage distal end of tube 30 and be slid off wire 32.

In one embodiment, the inner cover 22 can be formed to
be biased toward the open, expanded position. In another
embodiment, the inner cover 22 can include a mesh sup-
ported by rib members or splines radiating outwardly form
a center ol mnner cover 22. The rib members or splines may
be biased toward an open position 1n one embodiment. In
one embodiment, the rib members and splines operate 1n an
upside down umbrella operation fashion and lock in the fully
open position once the fully open position 1s reached.

Referring now to FIG. 4-5, an occlusion device 120 1s
shown according to an exemplary embodiment disposed 1n
the lower portion of the aneurysm 10 to disrupt or halt the
flow of blood tlow between the vessel 12 and the internal
volume 14 of the aneurysm, thereby reducing the likelthood
that the aneurysm 10 will rupture. The occlusion device 120
1s configured to be low profile device, minimizing disrup-
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tions to surrounding bodies, such as a side branch 18 of the
blood vessel 12. The occlusion device 120 may be config-
ured to be biodegradable or bioabsorbable material and may
be configured to promote endothelialization.

The occlusion device 120 includes an inner cover 122
(c.g., plate, membrane, etc.) disposed within the internal
volume 14 of the aneurysm 10 and similar to the inner cover
22 described above. The occlusion device 120 further
includes an inner anchoring member 140 disposed within the
aneurysm 10. The mner anchoring member 140 1s config-
ured to anchor the mner cover 122 within the aneurysm 10
near the neck portion 16. The inner anchoring member 140
provides a relatively rigid body that supports the inner cover
122 and reduces the likelihood that the inner cover 122 waill
be displaced from the neck portion 16 by the tfluid pressure
of the blood 1n the blood vessel 12.

According to an exemplary embodiment, the inner
anchoring member 140 includes one or more loops of a coil
formed from a suitable biocompatible metal or alloy (e.g.,
platinum, stainless steel, nickel-titanium alloy, etc.). The
metal coill may be similar to the coils that are typically
utilized 1 an endovascular coiling procedure. The inner
anchoring member 140 1s coupled to the mner cover 122 and
includes at least one coil that contacts the interior surface 135
of the aneurysm 10. The loops of the inner anchoring
member 140 do not fill the entire internal volume 14 or a
substantial portion of the iternal volume 14. Instead, the
inner anchoring member 140 may include only a small
number of loops. In one exemplary embodiment, the inner
anchoring member 140 may include a single loop of the coil.
In another embodiment, the anchoring member 140 includes
a large number of loops substantially filing the internal
volume 14. The orientation, number, and size of the loops of
the 1inner anchoring member 140 may vary depending on the
size and shape of the aneurysm 10.

Referring now to FI1G. 5, the inner cover 122 and the inner
anchoring member 140 are shown disposed within a catheter
30 according to an exemplary embodiment. The inner cover
122 is coupled to a distal end 36 of the push wire 32 and 1s
housed, 1n a collapsed configuration, within the lumen of the
catheter 30. In the collapsed configuration, the peripheral
portion 124 of the inner cover 122 1s upstream (e.g., closer
to the distal end 34) compared to a central portion 126 to
which the push wire 36 1s coupled on a first surtace 144. The
inner anchoring member 140 1s coupled to a second surface
146 of the inner cover 122 opposite the first surface 142 and
1s disposed within the lumen of the catheter 30 upstream of
the 1nner cover 122.

The occlusion device 120 including the mner cover 122
and the mner anchoring member 140 1s deployed within the
aneurysm 10 similar to the process described above with
reference to FIGS. 3A-3E. With the distal end 34 of the
catheter 30 positioned proximate to the neck portion 16 of
the aneurysm 10, the push wire 32 1s moved within the
lumen relative to the catheter 30. The push wire 1s moved to
cause the anchoring member 140 to reach the internal
volume 14 and coil within the internal volume 14.

In one embodiment, the push wire 32 has a circular solid
cross section and anchoring member 140 has a coiled cross
section (e.g., like a telephone cord) to facilitate coiling 1n the
internal volume 14. In one embodiment, the push wire 32
and the anchoring member 140 have a circular solid cross
section. In one embodiment, the push wire 32 and anchoring
member have a coiled solid cross section.

After coiling of the anchoring member 140 1s complete,
the mmner anchoring member 140 1s pushed out of the
catheter and into the internal volume 14, where 1t contacts

10

15

20

25

30

35

40

45

50

55

60

65

8

the interior surface 15 of the aneurysm 10. The push wire 32
1s moved further until the inner cover 122 begins to emerge
from the end 34 of the catheter 30 to expand into the
expanded configuration within the internal volume 14. The
catheter 30 and/or the push wire 32 1s then retracted until the
iner cover 122 1s seated against the interior surface 15 of
the aneurysm 10 and held 1n place by the 1mnner anchoring
member 140. The distal end 36 of the push wire 32 1s
detached from the first surface 146 of the mnner cover 122
such that the catheter 30 and the push wire 32 may be
withdrawn from the blood vessel 12 while the inner cover
122 remains 1n the neck portion 16 or the lower portion of
the ancurysm 10 with the inner anchoring member 140
coupled to the second surface 146.

Referring to FIG. 6, 1n one exemplary embodiment, the
anchoring member 140 may have a vanable stifiness. For
example, the inner anchoring member 140 may be relatively
pliable at a proximal end 146 and relatively stifl at a distal
end 148. The relatively stifl distal end 148 may be config-
ured to provide additional support to strengthen the walls of
the aneurysm 10. The stiffer portions of the inner anchoring
member 140 may be utilized as framing members to create
a structure 1n the mternal volume 14 of the aneurysm while
the more pliant portions are utilized to fill in the internal
volume of the aneurysm and support the mner cover 122.
The stifilness of the mmner anchoring member 140 may be
controlled 1n a variety of ways, such as by varying the
thickness of the coil, the radius of the coil, and/or by varying
the material used to form the coil.

The more pliant portions of the inner anchoring member
may include a removable sheath or layer to facilitate the
positioning of the stiffer portions of the inner portions of the
anchoring member 140 within the aneurysm 10. The sheath
may be removed once the distal end 148 and the stiffer
portions of the inner anchoring member 140 are positioned.

In one embodiment, the stiflness of the inner anchoring
member 140 may transition smoothly or incrementally along
the length of the inner anchoring member 140 between the
distal end 148 and the proximal end 146. In other exemplary
embodiments, the inner anchoring member 140 may include
two or more distinct zones or portions, each with a different
stiflness or other characteristic. The inner anchoring member
140 may include markers or other indicators to delineate the
transition from one zone to another. In one embodiment, the
indicators may be external, such as indicators provided on an
outer shaft coupled to the push wire, each of the outer
indicators corresponding to the transition from a zone with
a first stiflness to a zone with a second stiflness. In another
embodiment, the indicators may be internal, such as
radiopaque indicators (e.g., a platinum coating) on the inner
anchoring member 140 between the zones.

In one embodiment, the anchoring member 140 with a
variable stiflness can be utilized without the inner cover 122.
In such an embodiment, the anchoring member 140 fills the
internal volume 14. In one embodiment, a number of anchor-
ing members 140 can be utilized. In one embodiment, the
first employed anchoring member 140 has a varying stiflness
(e.g., thickness) that 1s greater than the varying stifiness
(e.g., thickness) of the next employed anchoring member.

Referring now to FIG. 7-10, an occlusion device 220 1s
shown according to an exemplary embodiment disposed 1n
the lower portion of the aneurysm 20 near or at the neck
portion 26 to disrupt or halt the tlow of blood flow between
the vessel 22 and the internal volume 14 of the aneurysm 20,
thereby reducing the likelihood that the aneurysm 20 will
rupture. The occlusion device 220 1s configured to be low
profile device, mimnimizing disruptions to surrounding bod-
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1es, such as a side branch 28 of the blood vessel 22. The
occlusion device 220 may be configured to be biodegradable
or bioabsorbable material and may be configured to promote
endothelialization.

The occlusion device 220 includes an inner cover 222
(c.g., plate, membrane, etc.) disposed within the internal
volume 14 of the aneurysm 10 and similar to the inner cover
22, 122 described above. Occlusion device 220 also includes
an inner anchoring member 240 disposed within the aneu-
rysm 10 and similar to the mner anchoring member 140
described above. The mner anchoring member 240 1s con-
figured to anchor the mnner cover 222 within the aneurysm 20
near or at the neck portion 16. The occlusion device 220
turther includes an outer anchoring member 250 disposed
within the blood vessel 12 proximate the aneurysm 10. The
outer anchoring member 250 provides a relatively rigid body
that SUpports the mner cover 222 and reduces the likelihood
that the mner cover 222 will be displaced from the neck
portion 16 by the fluid pressure of the blood in the blood
vessel 12.

Referring to FIG. 7, according to an exemplary embodi-
ment, the outer anchoring member 250 1ncludes a loop 2352
of a coil formed from a suitable biocompatible metal or alloy
(e.g., platinum, stainless steel, nickel-titanium alloy, etc.).
The metal coil may be similar to the coils that are typically
utilized 1n an endovascular coiling procedure. The loops 252
1s coupled to the inner cover 222 and contacts the wall 13 of
the blood vessel 12 in one embodiment. The loop 252 1s
oriented perpendicular to the flow of blood through the
blood vessel 12 in one embodiment. Multiple coils or loops
252 can be utilized 1 one embodiment.

Referring to FIG. 8, according to an exemplary embodi-
ment, the outer anchoring member 250 includes a first loop
254 and a second loop 256. The loops 254 and 256 may be
loops of a coil formed from a suitable biocompatible metal
or alloy (e.g., platinum, stainless steel, nickel-titanium alloy,
etc.). At least one of the loops 254 and 256 are coupled to
the mmner cover 222 and contact the wall 13 of the blood
vessel 12. The first loop 254 extends about the inner
circumierence of the blood vessel 12 such that 1t 1s oriented
perpendicular to the flow of blood through the blood vessel
12. The second loop 256 1s oriented parallel to the flow of
blood through the blood vessel 12. The second loop 256 1s
formed of a coil having a fairly small diameter and does not
substantially impede the flow of blood through the blood
vessel. In other embodiment, the outer anchoring member
250 may 1include more than two loops. The orientation,
number, and size of the loops may vary depending on the
s1ize and shape of the blood vessel 12.

Referring to FIG. 9, according to another exemplary
embodiment, the outer anchoring member 2350 includes a
stent 258 formed from a suitable biocompatible metal or
alloy (e.g., platinum, stainless steel, nickel-titammum alloy,
etc.) or a suitable biocompatible polymer. The stent 258 1s
introduced i a collapsed state to the blood vessel 12
proximate the aneurysm 10 wvia the catheter 30. Once
deployed 1nto the blood vessel 12, the stent 258 1s expanded
to engage against the walls of the blood vessel 12. The stent
258 may be self-expandable or may be expanded with
another device, such as an inflatable balloon. All or part of
the stent 258 may be coated or covered with a radiopaque
material, such as a platinum to allow for visualization of the
stent 258 (e.g., during and after the placement of the stent
258).

The stent 258 1s not intended to occlude the neck portion
16 of the aneurysm 10, but instead forms a structure to
tacilitate the placement and anchoring of the inner cover
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222. The stent 258 therefore does not need to be as wide as
or wider than the neck portion 16, but may be a relatively
short body (e.g., shorter than the width of the neck portion
16 of the aneurysm 10). The relatively short length of the
stent 258 reduces the likelthood that the outer anchoring
member 250 will disrupt surrounding bodies, such as a side
branch 18 of the blood vessel 12. Further, the stent 258 may
have a non-dense, relatively open configuration with vari-
able cell morphology which may extend proximally in the
blood vessel 12 from the neck portion 16. In other embodi-
ments, the stent 258 may be a solid member, such as a band
formed of a metal or alloy with a relatively thin thickness.

In another embodiment, the outer anchoring member 250
may be a temporary member that 1s removed with the
catheter 30 after the occlusion device 320 has been placed 1n
the neck portion 16 of the aneurysm and has been coupled
to the walls of the aneurysm 10. For example, the outer
anchoring member may be a balloon that 1s inflated in the
blood vessel 12 proximate the aneurysm to provide a tem-
porary structure to support the inner cover 222.

Referring now to FIG. 10, the mner cover 222, the inner
anchoring member 240, and the outer anchoring member
2350 are shown disposed within a catheter 30 according to an
exemplary embodiment. The outer anchoring member 250 1s
coupled to a distal end 36 of the push wire 32 and 1s housed,
in a collapsed configuration, within the lumen of the catheter
30. The outer anchoring member 250 1s coupled to the inner
cover 222, which 1s housed, in a collapsed configuration,
within the lumen of the catheter 30 upstream of the outer
anchoring member 250. The outer anchoring member 250
may be coupled to the inner cover 222, for example, with an
adhesive. In the collapsed configuration, a peripheral portion
224 of the inner cover 222 i1s upstream of a central portion
226 to which the outer anchoring member 250 1s coupled on
a first surface 244. The inner anchoring member 240 1is
coupled to a second surface 246 of the inner cover 222
opposite the first surface 242 and 1s disposed within the
lumen of the catheter 30 upstream of the inner cover 222.

The occlusion device 220 including the inner cover 222
and the mner anchoring member 240 1s deployed within the

aneurysm 20 similar to the process described above with
reference to FIGS. 3A-3E. With the distal end 34 of the
catheter 30 positioned proximate to the neck portion 16 of
the aneurysm 10, the push wire 32 1s moved within the
lumen relative to the catheter 30. The inner anchoring
member 240 1s pushed out of the catheter and into the
internal volume 14, where 1s contacts the interior surface 25
of the aneurysm 20. The push wire 32 1s moved further until
the 1nner cover 222 begins to emerge from the end 34 of the
catheter 30 to expand 1nto an expanded configuration within
the internal volume 14. The catheter 30 and/or the push wire
32 is then retracted until the inner cover 222 1s seated against
the interior surface 23 of the aneurysm 20 and held i place
by the mner anchoring member 240. The push wire 32 1s
moved further until the outer anchoring member 250
emerges {rom the catheter 30. The outer anchoring member
250 may be, for example, one or more loops 252, 254, or
256, or the stent 258. The distal end 36 of the push wire 32
1s detached from the outer anchoring member such that the
catheter 30 and the push wire 32 may be withdrawn from the
blood vessel 22 while the iner cover 22 remains near or in
the neck portion 16 of the ancurysm 20 with the inner
anchoring member 240 coupled to the second surface 246
and the outer anchoring member 250 disposed 1n the blood
vessel 12. In other embodiments, the push wire 32 may be
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coupled directly to the mmner cover 222 and the outer
anchoring member 250 may be deployed separately (e.g.,
from another catheter).

Referring now to FIG. 11-14, an occlusion device 320 1s
shown according to an exemplary embodiment disposed 1n
the neck portion 16 of the aneurysm 10 to disrupt or halt the
flow of blood flow between the vessel 12 and the internal
volume 14 of the aneurysm, thereby reducing the likelithood
that the aneurysm 10 will rupture. The occlusion device 320
1s configured to be low profile device, minimizing disrup-
tions to surrounding bodies, such as a side branch 18 of the
blood vessel 12. The occlusion device 320 may be config-
ured to be biodegradable or bioabsorbable material and may
be configured to promote endothelialization.

The occlusion device 320 includes an inner cover 322
(e.g., plate, membrane, etc.) disposed within the internal
volume 14 of the aneurysm 10 and similar to the mnner cover
22, 122, or 222 described above. The occlusion device 320
turther 1includes an outer cover 360 disposed 1n the blood
vessel 12 proximate the aneurysm 10. The outer cover 360
may be coupled to the inner cover 322 provides a relatively
rigid body to support the iner cover. The outer cover 360
reduces the likelihood that the mnner cover 322 will be
displaced from the neck portion 16 by the fluid pressure of
the blood 1n the blood vessel 32. The outer cover 360 may
be utilized instead of or 1n addition to other devices, such as
the mner anchoring member 140 or the outer anchoring
member 250 to secure the inner cover 322 in the neck
portion 16.

Referring to FIG. 11, according to an exemplary embodi-
ment, the outer cover 360 1s a relatively thin member (e.g.,
plate, sheet, etc.) formed from a suitable biocompatible such
as a metal or alloy (e.g., platinum, stainless steel, nickel-
titanium alloy, etc.), or a polymer (e.g., PTFE, etc.). Accord-
ing to an exemplary embodiment, the outer cover 360 has a
thickness of less than 2 mm. According to a preferred
embodiment, the outer cover has 360 has a thickness of less
than 1 mm. The outer cover 360 1s a low-profile body that
does not substantially impede the flow of blood through the
blood vessel 12. The outer cover 360 includes a peripheral
portion 362 that contacts the wall 13 of the blood vessel 12
around the neck portion 16 of the aneurysm 10 and a central
portion 364 disposed in the neck portion 16. The central
portion 364 may be integrally formed with the inner cover
322 or may be coupled to the mner cover 322 (e.g., with a
suitable adhesive). All or part of the outer cover 360 may be
coated or covered with a radiopaque material, such as a
platinum, to allow for visualization of the outer cover 360
(e.g., during and after the placement of the outer cover 360).
In embodiment, outer cover 360 1s attached to inner cover at
a center area having less area than the neck portion 16 (e.g.,
90 percent, 75 percent, or 50 percent of the area of the neck
portion). In one embodiment, the center area has a circular
shape.

The outer cover 360 1s not intended to occlude the neck
portion 16 of the aneurysm 10, but instead forms a structure
to facilitate anchor the inner cover 322. The outer cover 360
therefore does not need to completely cover the neck portion
16. The outer cover 360 may therefore be shaped such that
portions of the neck portion 16 are uncovered and/or may be
formed of a porous matenial (e.g., a mesh). Retferring to FIG.
12, 1n one embodiment, the outer cover 360 may be a sheet
that completely covers the neck portion 16 such that the
peripheral portion 362 of the outer cover 360 extends about
the entirety of the neck portion 16.

Referring to FIG. 13, 1n another embodiment, the outer
cover 360 may include multiple segments or sections such as
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radial lobes 366 that extend outward from the neck portion
16. Each of the lobes 366 may include a central portion 364
disposed within the neck portion 16 and a peripheral portion
362 extending beyond the neck portion 16 to contact the wall
13 of the blood vessel 12.

Referring to FIG. 14, in another embodiment, the outer
cover 360 may include a spiral body 368. The inner loops of
the spiral body 368 may form the central portion 364 while
the outer loops of the spiral body 368 may form the
peripheral portion 362.

The outer cover 360 may be deployed from a catheter 1n
the same procedure as the mner cover 322. The outer cover
360 may therefore be configured to be collapsible such that
it can be coupled to the iner cover 322 and housed within
the catheter. The outer cover 360 may be configured such
that, within the catheter, the central portion 364 1s coupled
to the mner cover 322 and positioned upstream of the
peripheral portion 362. The inner cover 322 may be
deployed as described with reference to FIGS. 3A-D. Once
the mner cover 322 1s deployed from the catheter and
positioned i the neck portion 16, the push wire of the
catheter may be advanced further to deploy the outer cover
360. The fluid pressure of the blood within the blood vessel
12 forces the outer cover 360 against the wall 13 of the blood
vessel 12. In other embodiments, the push wire 32 may be
coupled directly to the inner cover 322 and the outer cover
360 may be deployed separately (e.g., from another cath-
eter).

Referring now to FIGS. 15-16, an occlusion device 420 1s
shown according to an exemplary embodiment disposed 1n
a lower portion, such as the neck portion 16, of the aneurysm
10. The occlusion device 420 includes an 1nner cover 422
(e.g., plate, membrane, etc.) disposed within the internal
volume 14 of the aneurysm 10. The occlusion device 420
further includes an mnner anchoring member 440 disposed
within the aneurysm 10 and/or an outer anchoring member
450. The mner anchoring member 440 i1s configured to
anchor the mner cover 422 within the aneurysm 10 in the
neck portion 16. According to an exemplary embodiment,
the 1nner anchoring member 440 includes one or more struts
or arms formed from a suitable biocompatible metal or alloy
(e.g., platinum, stainless steel, nick-titanium alloy, etc.). The
inner anchoring member 440 1s coupled to the 1nner cover
422 and 1s configured to extend beyond the periphery of the
inner cover 422 to contact the imterior surface 15 of the
aneurysm 10. The mnner anchoring member 440 may there-
fore be used to facilitate the positioning of the iner cover
422 1n an aneurysm 10 having a relatively wide neck 16. The
struts or arms of the inner anchoring member 440 do not fill
the entire internal volume 14 or a substantial portion of the
internal volume 14. The “mass eflect” of the aneurysm 10 1s
reduced, as the size of the aneurysm 10 1s allowed to shrink
as the vessel heals, thereby reducing the pressure placed on
the surrounding tissue by the aneurysm 10. The orientation,
number, and length of the arms of the inner anchoring
member 440 may vary depending on the size and shape of
the aneurysm 10. The arms of the inner anchoring member
440 may be configured to collapse together to be delivered
via a microcatheter, similar to the microcatheter 30
described above.

Referring still to FIGS. 15-16, the outer anchoring mem-
ber 450 includes first portion 452 (e.g., distal portion)
disposed at the neck 16 and coupled to the inner cover 422
and a second portion 454 (e.g., proximal portion) disposed
in the vessel 12. The outer anchoring member 450 1s formed
from a suitable biocompatible metal or alloy (e.g., platinum,
stainless steel, mickel-titantum alloy, etc.) or a suitable
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biocompatible polymer. All or part of the outer anchoring
member 450 may be coated or covered with a radiopaque
material, such as a platinum to allow for visualization of the
outer anchoring member 450 (e.g., during and after the
placement of the outer anchoring member 450). The outer
anchoring member 4350 1s introduced 1n a collapsed (e.g.,
straightened) state to the blood vessel 12 proximate the
aneurysm 10 via a catheter. Once deployed into the blood
vessel 12, the outer anchoring member 450 expands such
that at least a portion of the outer anchoring member
compresses against the walls of the blood vessel 12. The
outer anchoring member 450 may be formed as a single,
continuous spiral, with loops of the spiral being formed to
have variable properties (e.g., diameter, thickness, flexibil-
ity, etc.). For example, the first portion 452 may be formed
to have relatively small diameter, tflexible coils while the
second portion 454 may be formed to have larger, relatively
rigid coils providing an increased outward radial force to
tacilitate positioning the outer anchoring member 450 along
the wall 13 of the blood vessel 12.

Referring to FIG. 17, according to another exemplary
embodiment, a portion of an outer anchoring member 460
may be formed as a dual spiral. According to other exem-
plary embodiments, the outer anchoring member may be
formed as a wide variety of other shapes (e.g., web-shaped.,
star-shaped, etc.) to provide a desired tlexibility and support
for the inner cover at the neck of the aneurysm.

Referring to FIGS. 18 A-18B, according to another exem-
plary embodiment, an inner cover 470 for an occlusion
device may be a star-shaped body. The inner cover 470 may
be formed (e.g., creased, scored, molded) to fold and col-
lapse along predefined fold lines.

Referring now to FIG. 19, an occlusion device 480 1s
shown having an outer anchoring member 482. The outer
anchoring member 482 i1s a recapturable body that may be
variously shaped (e.g., straight, spiral, multi-spiraled, coven,
etc.). The outer anchoring member 482 1s formed as a
relatively open structure having a minimal number of seg-
ments that form a framework that 1s capable of positioning,
and securing the occlusion device 480 while minimizing
contact with the walls of the blood vessel. The open nature
of the outer anchoring member 482 has a low risk of jailing
a branch blood vessel or otherwise altering the flow of blood
through the blood vessel.

Referring to FIG. 20, an inner anchoring member 494 for
an occlusion device 490 1s shown according to another
exemplary embodiment. The inner anchoring member 494
includes a central wire 496 coupled to the cover 492 and one
or more outer wires 498 coupled to the central wire 496. The
outer wires 498 extend outward from the central wire 496 to
contact the interior surface 15 of the aneurysm 10. The 1inner
anchoring member 494 1s introduced 1n a collapsed (e.g.,
straightened) state to the aneurysm 10 via the catheter 30.
Once deployed into the aneurysm 10, the catheter 30 1is
withdrawn, allowing the outer wires 498 to expand outward
such that at least a portion of the outer wires 298 contact the
inner surface 15 to position and anchor the cover 492 1n the
neck 16.

Referring to FIG. 21, an occlusion device 520 1s shown
according to an exemplary embodiment. The occlusion
device 520 1s disposed in or near the neck portion 16 of the
aneurysm 10 to disrupt or halt the flow of blood flow
between the vessel 12 and the internal volume 14 of the
aneurysm 10, thereby reducing the likelihood that the aneu-
rysm 10 will rupture. The occlusion device 520 1s configured
to be low profile device, minimizing disruptions to sur-
rounding bodies, such as a side branch of the blood vessel.
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The occlusion device 520 may be configured to be biode-
gradable or bioabsorbable material and may be configured to
promote endothelialization.

The occlusion device 520 includes an inner cover 3522
disposed within the internal volume 14 of the aneurysm 10.
The mner cover 522 1s disposed to cover the neck portion 16
of the aneurysm 10. The mner cover 3522 1s formed of a
relatively dense mesh such as micron mesh formed by a
plurality of wires or fibers that are coupled together (e.g.,
welded, soldered, woven, etc.). In this embodiment, the
iner cover 522 1s a double layer of mesh. The double layer
ol mesh 1s first formed as a mesh sphere. In some embodi-
ments, the mesh sphere 1s collapsed into the microcatheter
30 for endovascular delivery to the aneurysm 10. As the
cover 522 1s released from the microcatheter 30, a push wire
32 holds an upper center portion of the mesh sphere such
that the mesh sphere 1s released and expands 1nto a hemi-
spherical shape. Turning to FIG. 33, the double layered
cover 522 1s formed by a mesh sphere 521 wherein a first,
upper portion 523 of the sphere 521 1s enfolded over onto
and 1nto the second, lower portion 325 of the sphere 521,
thereby forming a double-layered hemisphere shape. The
expanded shape of the sphere 1s dependent on a distance
between the upper center of the sphere and a lower center of
the sphere, and can therefore be adjusted by moving the
wire.

The occlusion device 520 including the inner cover 522
may be deployed within the aneurysm 20 similar to the
process described above with reference to FIGS. 3A-3E.
With the distal end 34 of the catheter 30 positioned proxi-
mate to the neck portion 16 of the aneurysm 10, the push
wire 32 1s moved within the lumen relative to the catheter
30. The 1nner cover 522 begins to emerge from the end 34
of the catheter 30 to expand 1nto an expanded configuration
within the internal volume 14. In one embodiment, the inner
cover 322 emerges 1n the form of the mesh sphere. The
catheter 30 and/or the push wire 32 1s then retracted until the
iner cover 522 1s seated against the interior surface 25 of
the aneurysm 10. The double layer of inner cover 522 1s
formed by enfolding the top portion of the sphere over the
bottom portion, such as by withdrawing the push wire 32
until the top portion meets the bottom portion. In other
embodiments, the iner cover 522 1s deployed from the
catheter 30 already 1n a double layered configuration and
does not emerge 1mitially as a sphere.

Referring now to FIG. 22, occlusion device 520 1s shown
according to another exemplary embodiment where occlu-
sion device 520 further includes an outer anchoring mecha-
nism 550. The outer anchoring member 550 provides sup-
port to the mner cover 522 and reduces the likelihood that
the iner cover 322 will be displaced from the neck portion
16 by the fluid pressure of the blood 1n the blood vessel 12.
In the embodiment shown, the outer anchoring mechanism
5350 1s formed by two or more segments or sections such as
radial lobes 566 that extend outward from the neck portion
16. Each of the lobes 566 may be formed of a single wire
loop made of nitinol, polymer, or similar material. Alterna-
tive to a loop, lobes 566 may be a solid, substantially flat
piece ol matenal extending from the mmner cover 522. Fach
of the lobes 566 may include a central portion 564 config-
ured to be disposed within the neck portion 16 and a
peripheral portion 562 configured to extend beyond the neck
portion 16 to contact the wall 13 of the blood vessel 12. The
wire loop may be formed having a narrower portion near the
central portion 564 and a wider portion near the peripheral
portion 562, similar to an oar shape. In some embodiments
the narrow portion and the wider portion each have a
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uniform diameter, as depicted 1in the bottom view of the
occlusion device 520 shown 1n FIG. 23A. In other embodi-
ments, the diameter of the loop continuously widens
between a central-most portion and a peripheral-most por-
tion, as depicted 1n the bottom view of the occlusion device
520 shown 1n FIG. 23B. Lobes 566 may take on other shapes
and sizes 1n addition to those shown. The occlusion device
520 may have anywhere from two to eight lobes 566.

Referring back to FIG. 22, the lobes 566 of occlusion
device 520 are coupled to 1mnner cover 522 at an angle 570.
In some embodiments, the angle 570 formed between the
side of the iner cover 522 and the plane of the radial lobe
1s between 15 degrees and 45 degrees. In this way, the lobes
566 act as a clip to engage the wall 13 of the blood vessel
12 near the neck portion 16, and maintain the positioning of
the occlusion device 520 in the lower portion of the aneu-
rysm 12 near the neck portion 16.

Referring to FIG. 24, 1n one exemplary embodiment, an
occlusion device 620 having an inner anchoring member
640 1s shown disposed within the aneurysm 10. The inner
anchoring member 640 1s configured to anchor the inner
cover 622 within the lower portion of aneurysm 10, at or
near the neck portion 16. The inner anchoring member 640
provides a relatively rigid body that supports the inner cover
622 and reduces the likelihood that the inner cover 622 waill
be displaced from the neck portion 16 by the tfluid pressure
of the blood in the blood vessel 12. According to an
exemplary embodiments, the imner cover 622 1s a double-
layer, formed similarly to the inner cover 522. The inner
cover 622 has a peripheral portion to contact the interior
surface 15 of the aneurysm 10.

According to an exemplary embodiment, the inner
anchoring member 640 includes one or more loops of a coil
formed from a suitable biocompatible metal or alloy (e.g.,
platinum, stainless steel, nickel-titanium alloy, etc.). The
metal coil may be spring-like and may be similar to the coils
that are typically utilized 1n an endovascular coiling proce-
dure. The inner anchoring member 640 1s coupled to the
inner cover 622 and includes at least one coil that contacts
the 1nterior surface 15 of the aneurysm 10. In the embodi-
ment shown, the loops of the inner anchoring member 640
do not fill the entire internal volume 14 or a substantial
portion of the internal volume 14. Instead, the inner anchor-
ing member 640 includes only a single set of loops extend-
ing from the cover 622 like a stem. In some embodiments,
the anchoring member 640 may be a soit net coil. In other
embodiments, the anchoring member 640 may include a
large number of loops substantially filing the internal vol-
ume 14. The orientation, number, and size of the loops of the
inner anchoring member 640 may vary depending on the
size and shape of the aneurysm 10.

Alternatively, the inner cover 622 and the imner cover 522
can be implemented with any mner anchoring members as
described 1n this disclosure. Furthermore, though not
depicted 1n FIG. 24, occlusion device 620 may include any
of the outer anchoring members as described 1n this disclo-
sure, including but not limited to, outer anchoring members
250, 360, 450, 460, 482, and 550.

Referring to FIG. 25, 1n one exemplary embodiment, an
occlusion device 720 having an inner anchoring member
740 1s shown. The inner anchoring member 740 1s config-
ured to anchor the mner cover 722 within the lower portion
of an aneurysm 10, at or near the neck portion 16. The 1nner
anchoring member 740 provides a relatively rigid body that
supports the mner cover 722 and reduces the likelihood that
the inner cover 722 will be displaced from the neck portion
16 by the fluid pressure of the blood 1n the blood vessel 12.
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According to an exemplary embodiment, the inner cover
722 1s a double-layer, formed similarly to the inner cover
522, 622. The mner cover 722 has a peripheral portion to
contact the interior surface 15 of the aneurysm 10.

According to an exemplary embodiment, the 1inner
anchoring member 740 1s similar to inner anchoring member
640 1n that it extends from a substantially central portion of
the cover 722 like a stem. In this embodiment, unlike 1inner
anchoring member 640, inner anchoring member 740 1s a
cylindrical stem made from a sheet of mesh material. The
cylindrical stem may be enclosed at a distal end of the stem
that contacts the iterior surface 15 of the ancurysm 10. The
mesh material may be wrapped around a set of loops
forming a coil or may be seli-supporting. The mner anchor-
ing member 740 may include a plurality of folds 742
forming an accordion-type structure that can be contracted
when pressed against an interior surface 15 of the aneurysm
10. In some embodiments, the mesh material 1s a very fine,
high density wire mesh. The mesh material may be a
combination of nitinol interlaced with a metal and thread. In
some embodiments, the top end 744 of the inner anchoring
member 740 1s covered or closed.

The inner anchoring member 740 of FIG. 25 may be
constructed as a unitary structure with the cover 722. For
example, the same sheet of mesh can be used to form the
cover 722 with an extending portion forming the stem of the
inner anchoring member 740. In other embodiments, the
cover 722 and the mner anchoring member 740 are separate
clements that are coupled, or molded, together.

Though not depicted in FIG. 25, occlusion device 720
may include any of the outer anchoring members as
described in this disclosure, including but not limited to,
outer anchoring members 250, 360, 450, 460, 482, and 550.

Referring to FIG. 26 A-B, 1n one exemplary embodiment,
an inner cover 822 for an occlusion device 1s shown. In this
embodiment, the 1nner cover 1s a multi-layered inner cover
822. Inner cover 822 includes a plurality of leaves 824
arranged 1n an overlapping relationship with each other, and
which are movable individually. The leaves 824 are arranged
around a central portion of the inner cover 822. In the side
view of FIG. 26 A, the inner cover 822 1s shown 1n a partially
contracted configuration, wherein the leaves are positioned
tightly around the central portion. In FIG. 26B, which 1s a
top view showing the inner cover in an expanded configu-
ration, such as when the imnner cover 822 1s deployed near the
neck 16 of the aneurysm 10, the leaves 824 are extended or
fanned out, such that they extend out away from the central
portion of the mmner cover 822. At least a portion of the
leaves 824 of mnner cover 822 are configured to contact the
interior surface 15 of the aneurysm 10 when in the expanded
configuration.

The individual leaves 824 of mner cover 822, according
to an exemplary embodiment, are made of a mesh material,
such as a biocompatible metal or metal alloy, such as
platinum, stainless steel, titanium, a titanium-nickel alloy
(e.g., mitinol). Leaves 824 of the mner cover 822 may be
formed of a relatively dense mesh such as 37 micron mesh
formed by a plurality of wires or fibers that are coupled or
molded together. The mmner cover 822 may be used in
combination with an mnner anchoring member as described
clsewhere herein, including but not limited to the inner
anchoring members and central stems described below and
shown 1 FIGS. 27-32.

FIGS. 27-32 each depict an occlusion device having a
similar overall structure. For example, each of the embodi-
ments shown therein include an inner cover (922, 1022,

1122,1222, 1322, 1422, 1522, 1622) and an inner anchoring
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member (940, 1040, 1140, 1240, 1340, 1440, 1540, 1640),
connected by a central stem (930, 1030, 1130, 1230, 1330,
1430, 1530, 1630). In these embodiments, the mner cover
and 1nner anchoring member are discs having a substantially
similar diameter. The central stem may be a cylindrical body
having a diameter less than the diameter of the inner cover
and inner anchoring member. The inner cover, imner anchor-
ing member, and central stem are all constructed of a mesh
material, similar to the occlusion devices described above.
In some embodiments of FIGS. 27-32, the inner cover 1s
made ol a higher density mesh and the mner anchoring
member 1s made of a lower density mesh.

Various arrangements and combinations are shown and
described with reference to FIGS. 27-32. It 1s contemplated
that the present design not be limited to the embodiments
shown, but that the various features described in FIGS.
2'7-32 could be used 1n other combinations and arrangements
with one another. Furthermore, any of the embodiments

shown 1n FIGS. 27-32 may also utilize the multi-layer cover
822 shown i FIGS. 26A-26B. The embodiments shown

may also mcorporate any of the outer anchoring members,
including but not limited to, outer anchoring members (250,
360, 450, 460, 482, and 550) described above.

Referring to FIG. 27, 1n one exemplary embodiment, an
occlusion device 920 1s shown disposed within the aneurysm
10. Occlusion device 920 has an inner cover 922 and an
inner anchoring member 940, connected by a central stem
930. The central stem 930 may be a cylindrical body. The
iner cover 922 and inner anchoring member 940 are each
generally concave with concavities facing towards the stem
930 and towards one another. The 1nner cover 922, inner
anchoring member 940, and central stem 930 may be
constructed separately and coupled together. In other
embodiments, the three elements are formed of a single
sheet and are unitary. In this embodiment, both the inner
cover 922 and the inner anchoring mechanism 940 are
constructed of a single-layer disc of the mesh material.

Referring to FIG. 28, 1n one exemplary embodiment, an
occlusion device 1020 1s shown. Occlusion device 1020 has
an 1mner cover 1022 and an inner anchoring member 1040,
connected by a central stem 1030. The mnner cover 1022 and
inner anchoring member 1040 are each generally concave
with concavities facing towards the stem 1030 and towards
one another. The mner cover 1022, inner anchoring member
1040, and central stem 1030 may be constructed separately
and coupled together. In other embodiments, the three

clements are formed of a single sheet and are unitary.
Occlusion device 1020 of FIG. 28 diflers from occlusion

device 920 1n that both the inner cover 1022 and the inner
anchoring mechanism 1040 are constructed of a double-
layer of the mesh material, which may be formed 1n a similar
fashion to inner cover 522, 622, or 722 described above.
Referring to FIG. 29, 1n one exemplary embodiment, an
occlusion device 1120 1s shown. Occlusion device 1120 has
an mner cover 1122 and an inner anchoring member 1140,
connected by a central stem 1130. The 1mnner cover 1122 and
inner anchoring member 1140 are each generally concave
with concavities facing towards the stem 1130 and towards
one another. The mner cover 1122, inner anchoring member
1140, and central stem 1130 may be constructed separately
and coupled together. In other embodiments, the three
clements are formed of a single sheet and are unitary.
Occlusion device 1120 of FIG. 29 differs from occlusion
device 920 1n that the inner cover 1122 1s constructed of a
single layer of mesh material and the inner anchoring
mechanism 1140 1s constructed of a double-layer of the
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mesh material, which may be formed 1n a similar fashion to
inner cover 522, 622, or 722 described above.

Referring to FIG. 30, in one exemplary embodiment, an
occlusion device 1220 1s shown. Occlusion device 1220 has
an mnner cover 1222 and an mner anchoring member 1240,
connected by a central stem 1230. The inner cover 1222 and
inner anchoring member 1240 are each generally concave
with concavities facing towards the stem 1230 and towards
one another. The mner cover 1222, inner anchoring member
1240, and central stem 1230 may be constructed separately
and coupled together. In other embodiments, the three
clements are formed of a single sheet and are unitary.
Occlusion device 1220 of FIG. 30 differs from occlusion
device 920 1n that the inner anchoring mechanism 1240 is
constructed of a single layer of mesh material and the 1nner
cover 1222 1s constructed of a double-layer of the mesh
material, which may be formed 1n a similar fashion to inner
cover 522, 622, or 722 described above.

Referring to FIG. 31, in one exemplary embodiment, an
occlusion device 1320 1s shown. Occlusion device 1320 has
an mnner cover 1322 and an mner anchoring member 1340,
connected by a central stem 1330. Occlusion device 1320 of
FIG. 31 1s similar to occlusion device 1220 of FI1G. 30 1n that
the mner anchoring mechamism 1240 i1s constructed of a
single layer of mesh material and the mner cover 1222 1s
constructed of a double-layer of the mesh material, which
may be formed in a similar fashion to mner cover 522, 622,
or 722 described above, however, in this embodiment, the
inner anchoring mechanism 1340 1s single-layer, end portion
of the central stem 1330 that 1s flared out forming an
atraumatic end 1332 of the stem 1330. An occlusion device
may also include a flared out inner cover 1n addition to the
flared mner anchoring mechanism 1340 shown as part of
occlusion device 1320.

FIGS. 32A-32C depict other modifications to the occlu-
s1on devices, according to exemplary embodiments. Each of
these figures depict an occlusion device having an inner
cover and an mner anchoring mechanism, connected by a
central stem, similar to FIGS. 27-31. In the embodiments of
FIGS. 32A-32C 1t 1s shown that the inner cover and 1nner
anchoring mechanism may have a varnation in shape. For
example, the imnner cover and/or inner anchoring mechanism
may have a flat, uncurved shape. Alternatively, the inner
cover and/or inner anchoring mechanism may have an
angled or curved shape. In this alternative embodiment, the
iner cover and/or iner anchoring mechanism may have a
substantially flat central portion with angled or raised edges.
FIG. 28, described above, depicts occlusion device 1020
where both the inner cover 1022 and the mner anchoring
member 1040 are angled, or curved. FIG. 32A depicts an
occlusion device 1420 wherein the inner cover 1422 and the
inner anchoring member 1440 are both straight. FIG. 32B
depicts an occlusion device 1520 wherein the mner cover
1522 1s angled and the inner anchoring member 1540 1s
straight. FIG. 32C depicts an occlusion device 1620 wherein
the inner cover 1622 1s straight and the inner anchoring
member 1640 1s angled.

The construction and arrangement of the elements of the
aneurysm occlusion device as shown 1n the various exem-
plary embodiments 1s 1llustrative only. Although only a few
embodiments have been described in detail 1n this disclo-
sure, those skilled 1n the art who review this disclosure will
readily appreciate that many modifications are possible (e.g.,
variations 1n sizes, dimensions, structures, shapes and pro-
portions of the various elements, values of parameters,
mounting arrangements, use ol materials, colors, orienta-
tions, etc.) without materially departing from the novel




US 11,185,335 B2

19

teachings and advantages of the subject matter recited
herein. For example, elements shown as integrally formed
may be constructed of multiple parts or elements, the
position ol elements may be reversed or otherwise varied,
and the nature or number of discrete elements or positions
may be altered or varied. It should be noted that the elements
and/or assemblies of the system may be constructed from
any ol a wide variety of matenals that provide suilicient
strength, durability, or biocompatibility. Other substitutions,
modifications, changes and omissions may be made 1n the
design, operating conditions and arrangement of the pre-
terred and other exemplary embodiments and medical pro-
cedures without departing from the scope of the present
invention.

What 1s claimed 1s:
1. An apparatus for treating an aneurysm 1n a blood vessel,
the apparatus consisting of:

a cover disposed on a wire, for covering a neck of an
aneurysm,

wherein the cover i1s configured to expand from a com-
pressed configuration 1 a tube to an expanded con-
figuration when advanced out of a distal end of the tube
to cover the neck of the aneurysm;

wherein the cover comprises a sphere of mesh material
formed into a hemisphere comprising two layers of
mesh that 1s formed by folding a top portion of the
sphere 1nto a bottom portion of the sphere, such that an
iner surface of the cover comprises a concavity; and

wherein the cover 1s configured to be seated against an
interior surface of the aneurysm adjacent the neck of
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the aneurysm, and to cover the neck of the aneurysm,
without contacting the interior surface of the aneurysm
at an apex of the aneurysm opposite the neck of the
aneurysm, and without contacting any of the blood
vessel wall outside of the aneurysm.

2. The apparatus of claim 1, wherein the cover has a cover
diameter and 1s configured to fit into an aneurysm having a
neck diameter that 1s approximately 1 mm less than the
cover diameter.

3. The apparatus of claim 1, wherein the cover has a cover
diameter and 1s configured to fit into an aneurysm having a
neck diameter that 1s approximately 2 mm less than the
cover diameter.

4. The apparatus of claim 1, wherein the cover has a cover
diameter and 1s configured to fit into an aneurysm having a
neck diameter that 1s approximately 4 mm less than the
cover diameter.

5. The apparatus of claim 1, wherein the cover has a cover
diameter and 1s configured to fit into an aneurysm having a
neck diameter that 1s approximately 6 mm less than the
cover diameter.

6. The apparatus of claim 1, wherein the cover has a
thickness of less than 100 microns.

7. The apparatus of claim 1, wherein the cover i1s biased
toward the expanded configuration.

8. The apparatus of claim 1, wherein the mesh comprises
a plurality of wires or fibers.

9. The apparatus of claim 8, wherein the plurality of wires
are welded or soldered together.
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